Kinetic solvent effects on hydrogen abstraction from phenol by the cumyloxyl radical. Toward an understanding of the role of protic solvents.
A time-resolved kinetic study of the hydrogen atom abstraction reactions from phenol by the cumyloxyl radical (CumO(•)) was carried out in different solvents. The hydrogen atom abstraction rate constant (k(H)) was observed to decrease by almost 3 orders of magnitude on going from isooctane to MeOH. In TFE, MeCN/H(2)O 2:1, and MeOH, the measured k(H) values were lower than expected on the basis of the Snelgrove-Ingold (SI) equation that correlates log k(H) to the solvent hydrogen bond acceptor (HBA) ability parameter β(2)(H). As these solvents also act as hydrogen bond donors (HBDs), we explored the notion that a more thorough description of solvent effects could be provided by including a solvent HBD ability term, α(2)(H), into the SI equation via β(2)(H)(1 + α(2)(H)). The inclusion of such a term greatly improves the fitting for TFE, MeCN/H(2)O 2:1, and MeOH but at the expense of that for tertiary alkanols. This finding suggests that, for the reaction of CumO(•) with phenol, the HBA and HBD abilities of both the solvent and the substrate could be responsible for the observed KSEs. but this requires that primary and tertiary alkanols exhibit different solvation behaviors. Possible explanations for this different behavior are explored.